, e t a l . 
, 6 9 5 0 -6 9 6 1 . Middlebrook 7H9 media supplemented with 0.2% glycerol, 0.05% Tween-80, 10% ADS 6 8 4
(albumin-dextrose-salt) with appropriate antibiotics or Sauton's medium (0.05% KH 2 PO 4 , 0.05% 6 8 5
MgSO 4 ·7H 2 O, 0.2% citric acid, 0.005% ferric ammonium citrate, 6% glycerol, 0.4% asparagine, 6 8 6 0.05% Tween, pH 7.4) (Prisic et al., 2015) . Zinc sulfate at indicated concentrations was added to 6 8 7
Sauton medium as per specific protocols. For the iron depletion experiments, we modified a 6 8 8 previous method (Siegrist et al., 2009) . Briefly, Sauton's medium was prepared as above with the 6 8 9 exception of the magnesium sulfate, but after preparation, 10g of chelex 100 resin was added to 6 9 0 1L of medium, thoroughly mixed, and left for 24 hrs. The medium was sterile-filtered to remove 6 9 1 the chelating agent beads, and 1g sterile MgSO 4 ·7H 2 O added to the medium. Zinc sulfate and 6 9 2 iron chloride were also supplemented at the indicated concentrations as appropriate for the 6 9 3 experimental condition. If not otherwise noted, bacteria were grown and maintained at 37°C with 6 9 4
shaking. 6 9 5 6 9 6 M. smegmatis AltRP KO strain and complemented strain construction 6 9 7 2 7
In normal conditions (High Zinc), the AltRP operon is not required for growth. A double 6 9 8 crossover strategy was used to construct an unmarked AltRP knockout strain as previously 6 9 9
described (Su et al., 2016) . Sequences 1,000bp upstream and downstream of the operon were 7 0 0 cloned and ligated into the P2NIL suicide vector. The lacZ and SacB gene were cloned from 7 0 1 pGOAL17 and ligated to P2NIL containing upstream and downstream 1,000bp region to generate 7 0 2 the AltRP deletion construct. 2μg plasmid were transformed to wild-type M. smegmatis 7 0 3 competent cells by electrophoresis and selected on LB plates supplemented with 25μg/ml 7 0 4 kanamycin and 50μg/ml X-gal. Blue colonies were screened for single crossover recombinants 7 0 5 and further verified by PCR. Correctly identified recombinants were further plated on LB plates 7 0 6 containing X-gal and 2% sucrose with ten-fold serial dilutions. White colonies were screened for 7 0 7 double crossover strains by PCR verification. A correct knock-out strain was further verified by 7 0 8
Southern blot and used in subsequent experiments. 7 0 9 7 1 0
For complementation of the knock-out strain, the upstream 500bp of the coding region for the 7 1 1
AltRP operon (presumably incorporating the promoter region) along with the whole AltRP 7 1 2 operon was cloned with C-terminal 3xFlag tag to AltRpsR and ligated to pML1342 as a 7 1 3 complementation plasmid. The plasmid was transformed to ∆ AltRP competent cells and plated on 7 1 4 LB plates with 50μg/ml hygromycin. Recombinants were further verified by western blot in 7 1 5
Sauton medium supplemented with different concentrations of zinc to check the expression from 7 1 6 the operon. 7 1 7 7 1 8
Generating endogenous AltRpsR/CanRpsR with different affinity tags strains 7 1 9
Upstream 500bp (US500) and downstream 500bp (DS500) of AltRpsR/CanRpsR stop codons 7 2 0 were cloned. Different affinity tag sequences (3xFlag/3xHA) fused with different antibiotic 7 2 1 expression cassette (Hygromycin/Zeocin) were generated by overlap PCR (3xFlag-Zeo oligo 7 2 2 cassette was kindly provided by JHZ). The upstream, tag-antibiotic, downstream cassette were 7 2 3 2 8 fused by Gibson assembly and cloned into pUC19 vector. pUC19 plasmid containing four 7 2 4 different recombineering oligo cassette (AltRpsR-3Flag-Zeo, AltRpsR-3HA-Hyg, CanRpsR-7 2 5
3HA-Hyg and CanRpsR-3Flag-Zeo) were generated. M. smegmatis containing the plasmid 7 2 6
pNitET-SacB-kan (Murphy et al., 2015) was grown to OD 600nm ≈ 0.2 and 10μM isovaleronitril 7 2 7 (IVN) was added to induce the expression of RecET, after inducing for 6h, competent cells were 7 2 8 prepared by 3 washes in 10% glycerol. Oligos for recombineering were amplified from pUC19 7 2 9 series plasmid and 2μg DNA were transformed to the competent cells. Bacteria were plated on 7 3 0 LB plates supplemented with either 50μg/ml hygromycin or 20μg/ml zeocin. buffer. The bacterial suspension was disrupted by beads-beating and lysate centrifuged at 7 3 9 17,950xg, 4°C for 5 min. Protein concentration was quantified by Bradford assay (Bio-rad) and 7 4 0 same amount of protein were loaded onto 5%/12% SDS-PAGE gel. Proteins were further 7 4 1 transferred onto PVDF membrane (Bio-rad). The membrane was blocked in 4% skim milk at 7 4 2 room temperature (RT) for 1 h. Primary antibody was diluted 1:2000 and the blot was incubated 7 4 3 at 4°C overnight. The membrane was then washed with TBS-T at RT and secondary antibody, 7 4 4 diluted, 1:5000 rate and incubated at RT for 1 h. After washing with TBS-T, the image was 7 4 5 developed by ECL Western Blotting Substrate (Pierce). 7 4 6 3 1 incubated for 15 min at 37°C with mixing at 1000 rpm. Then the mixture was placed on a 8 0 0 magnetic rack to isolate the beads, the supernatant was transferred to a new tube and purifed by 8 0 1 isopropanol precipitation. The subsequent cDNA template was used for library amplification with 8 0 2
Phusion high-fidelity DNA polyermase for 12-14 cycles. PCR products were purifed from 8% 8 0 3
TBE PAGE gel. The corresponding bands were sliced and soaked in DNA gel extraction buffer 8 0 4
and rotated at room temperature overnight. The PCR products were purified by isopropanol 8 0 5
precipitation and the concentration and quality were measured with Agilent 2100 Bioanalyzer. 8 0 6
Libraires were sequenced on the illumina X-ten sequencer. 8 0 7 8 0 8
Large-scale tagged ribosome purification for biochemical analysis 8 0 9
Bacterial cultures (~30L) were grown to around OD 600nm was added to the cleared lysate at a concentration of 70U/ml and digested at 4°C overnight. The 8 1 3 digested lysate was loaded onto 1M sucrose cushions and centrifuged at 30,000 rpm, 4°C for 20 h. 8 1 4
After centrifugation, the supernatant was discarded, and the ribosome pellet washed with 8 1 5 polysome buffer and dissolve in polysome buffer with gentle shaking at 4°C. The crude ribosome 8 1 6
suspension was further digested with MNase at 4°C overnight. After secondary digestion, the 8 1 7
ribosome preparation was dialyzed against HEPES-polymix buffer (Koripella et al., 2015 GTP (1 mM) at 37°C for 15 min in HEPES-polymix buffer (Koripella et al., 2015) . The reactions 8 2 8
were thereafter filtered through BA-85 nitrocellulose membranes and washed with 10ml of ice-8 2 9
cold HEPES-polymix buffer (pH 7.5). The radioactivity retained on the filter was measured in a 8 3 0
Beckman LC6500 scintillation counter. The M. smegmatis mc 2 -155 reference genome assembly (ASM1500v1) downloaded from 8 5 3
Ensembl Bacteria Release 32 (https://bacteria.ensembl.org/) was used for all analyses. For 8 5 4
RNAseq, we performed quality control and trimmed adaptors using the FastQC and FASTX-8 5 5
Toolkit. For ribosome profiling, after quality control and adaptor removal, reads less than 25nt 8 5 6
long were discarded and longer than 36nt were trimmed to 36nt. Next, ribosome profile and 8 5 7
RNAseq reads that aligned to rRNA and tRNA were removed using bowtie2 (Langmead and 8 5 8
Salzberg, 2012). We aligned the remaining reads to the genome using bowtie2 with "sensitive-8 5 9
local" option. The mapped reads were normalized to reads per kilobase million (RPKM) using 8 6 0 total number of mapped reads. 8 6 1 8 6 2
A-site assignment 8 6 3
For each read, the A-site's position was inferred by taking the first nucleotide that was 12nt 8 6 4 upstream of the 3'end of the read (Mohammad et al., 2016) . Based on this, we generated a signal 8 6 5 track of A-sites for all transcripts. ORFs that had been annotated in the reference were denoted as 8 6 6
annotated ORFs (aORFs). 8 6 7 8 6 8
Polarization of aligned Ribosome Profile reads 8 6 9
The polarity score was calculated on the basis of aligned A-site signal track by adapting a 8 7 0 previous method (Schuller et al., 2017) . To avioid ambigous artifacts that might be caused by 8 7 1 peaks around the start/stop codons, we excluded the first and last 15nt of the coding region in the 8 7 2
analysis. aORFs with more than 50 reads in coding sequences were plotted. In this study, we 8 7 3
calculated the polarity score under AltRibo, CanRibo as well as total ribosomes population. Here 8 7 4
we defined the concept of polarity shift by taking total ribosomes as the background input and 8 7 5
substrating the polarity score of background from the score of AltRibo-enriched/CanRibo-8 7 6
enriched populations. 8 7 7
3 4 8 7 8
Differential ribosome codon reading 8 7 9
The calculation of codon occupancy was adaped from a previous method ( 
as the averaged codon occupancy of
for reference population, in 8 8 6
this case, the total ribosomes. To better clarify the difference between AltRibo and CanRibo 8 8 7
population, we further defined codon occupancy shift as follows:
. 8 9 0 8 9 1
Significantly different codon usage were detected by comparing the codon density of all studied 8 9 2 aORFs under test conditions (AltRibo/CanRibo) against the corresponding density under the 8 9 3
reference condition (total ribosome input) (t-test p value <0.05 and shift > 0.05 or shift < -0.05). 8 9 4
Additionaly, for each individual aORF we correlated its codon density from AltRibo/CanRibo 8 9 5
population with that from total ribosome population (Pearson correlation was used in this study). 8 9 6 8 9 7
Differential codon abundance 8 9 8
In this study, we used the concept of codon abundance to measure the occurance of specific 8 9 9
codons in the 50 codons within the 5' or 3' of the coding region. The calculation of codon 9 0 0 abundance followed a previous study (Nakamura et al., 2000) . To better demonstrate the 9 0 1 difference, the final results were presented in the following form: 9 0 2 3 5 Basal reads preparation, mapping to TA sites in the M. smegmatis genome assembly and read 9 8 0 counts were reduced to unique template counts by TRANSIT tool (DeJesus et al., 2015) . Loci 9 8 1 that were differentially disrupted were analyzed by using the 'resampling' method in transit, with 9 8 2 defalut parameters. During analysis, replicates were included. Genes that were down-represented 9 8 3 (log 2 FC < -1, p-value < 0.05) and over-represented (log 2 FC > 1, p-value < 0.05) were plotted as 9 8 4
shown in Fig. 6 . 9 8 5 9 8 6 Statistical Analysis 9 8 7
Appropriate statistical tests are detailed within each protocol and in the figure legends. 9 8 8
A.
AltRpsR

Mycobacterium smegmatis MMAVKKSR-KRTAATELKKPRRNQLEALGVTTIDYKDVAVLRTFLSERGKIRSRHVTGLTPQQQRQVATAIKNAREMALLPMAGPR---------Mycobacterium marinum -MKKKPRRTRRPIAAPATPAKKNLLDSLGVSEVDYKDISRLRTFISDRGKIRSRRVTGLTVQQQRQIATAIKNAREMALLPYPASRPQ-------Mycobacterium tuberculosis -MAAKS------ARKGPTKAKKNLLDSLGVESVDYKDTATLRVFISDRGKIRSRGVTGLTVQQQRQVAQAIKNAREMALLPYPGQDRQRRAALCP Mycobacterium abscessus
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AltRpmB AltRpmG AltRpsN AltRpsR
Mycobacterium smegmatis RpsR
AltRpsR MMAVKKSRKRTAATELKKPRRNQLEALGVTTIDYKDVAVLRTFLSERGKIRSRHVTGLTPQQQRQVATAIKNAREMALLPMAGPR-85 CanRpsR -MA-KSNKRRPAPEKPVKTRKCVFCSKKGQTIDYKDTALLRTYISERGKIRARRVTGNCVQHQRDIAVAVKNAREVALLPFGSSTR 84 ** *..::* * : * *: : : ******.*:***::*******:*:*** *:**::*.*:*****:****:.. 
B.
C.
• GCA  GCC  GCG  GCT  TGC  TGT  GAC  GAT  GAA  GAG  TTC  TTT  GGA  GGC  GGG  GGT  CAC  CAT  ATA  ATC  ATT  AAA  AAG  CTA  CTC  CTG  CTT  TTA  TTG  ATG  AAC  AAT  TAA  TAG  TGA  CCA  CCC  CCG  CCT  CAA  CAG  AGA  AGG  CGA  CGC  CGG  CGT  AGC  AGT  TCA  TCC  TCG  TCT  ACA  ACC  ACG  ACT  GTA  GTC  GTG  GTT  TGG  TAC GCA  GCC  GCG  GCT  TGC  TGT  GAC  GAT  GAA  GAG  TTC  TTT  GGA  GGC  GGG  GGT  CAC  CAT  ATA  ATC  ATT  AAA  AAG  CTA  CTC  CTG  CTT  TTA  TTG  ATG  AAC  AAT  TAA  TAG  TGA  CCA  CCC  CCG  CCT  CAA  CAG  AGA  AGG  CGA  CGC  CGG  CGT  AGC  AGT  TCA  TCC  TCG  TCT  ACA  ACC  ACG  ACT  GTA  GTC  GTG  GTT  TGG  TAC 
